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AVIATION ACCIDENT RISK FOR ATRMERK WITH APHARIA
AND ARTIFICIAL LENS IMPLANT

INTRODUCTION

Vision changes as one ages. Changes in
refraction and ocular light transmission
typicaily appear in the age range 34-45
years, while those changes in the retinal
and neural systemn usually become more
evident about age 55-85 (1}. Presbyepia.
macular degeneration, and glaucoma are
examples of vision conditions {hat become
more common with aging [(2).

Elderly piiots are becoming a larger
percentage of the total civil airman popu-
lation. In 18686, pllots over B0 years of age
made up only 9.5% of the civil airman
population. Twenty years later, in 19886,
this age group comprised 22% of that
popuiation {3). As the frequency of eiderly
pilots has increased, the prevalence c¢f
visual impalfrment in the civil airman popu-
lationn has also increased {4}5).

Cataract, a condition in which there is &
loss of transparency of the crystalline
leng or its capsule, is the third leading
cause of blindness in the United States (6}
and is often assccizied wiin the aged.
Aphkakia. a condition in which the crvsiai-
line lens has been extiracted. is usuaily a
resuil of the removal of g catzractous
tenis. The reiationship of age io aphzkiz is
well csianlished, and was again verified
in a recent study on aphakia prevalence in
the civil armaﬂ ponuiatioﬂ (7). There are

4

Qphak;a. spec%ac‘;es con-
griificial or intraocular

Aphakic spectacles have many opiical
deficlencies and ars not recommended for
flight operations (8], Although superior {o
speciacies, coniact lenses used io correct
aphakia have their own deficiencies. Poor
compliance is a problem with rigid thard}
itenses {8}, Soft contact lenses are diffi-
cuit for the patient to see, poorly handied
by oicer aphakics. and their wearers are
more prone o infections and more suscep-
tible to the development of contact lens
sclution sensitivities.

in the last decade, IOL implantation has
become the primary therapeutiic modality
for the correclion of aphakia in the Uniied
States. In 1880, approximately 388,000
cataract procedures were performed in
the United Slates and 30% of these surger-
ies included the implantation of an I0OL
10). In 1288, nearly one miilion cataract
perations were periormad in the United
States and 80% of these surgeries in-
cluded the implantation of an JOL {8). In
196C, approximately 1.3853 mﬁ‘iion cat
surgeries were dene in th
and 2&8% of ihese ipciuded the implania-
tion of an IOL {11} Cataraci surgery ac-
counts for about QG% of a'l eve operations
in the Uniled Siates (12) with 2 success
rate for contemporary cataract surgerv of
betier than 98% (13 Du this period,

pmiy pats
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there have been noiat.: a'é' rmnces in cata-
ract surgical procedures and in designs

is used by apn’rb Em-;c sur-
implantation which hav
provided the impetus for early medical
intervention. A recent Federz! Aviaiion
Adreinisiration {FAA) ¥ confirmed the



increased prevalence of I0L use in the civil
airman population during the periocd 1882-
8h {i4).

In the FAA's Guide for Aviatlon Medical
Examiners {AME]}, the examining pnysician
may issue a medical certificate io a third-
class {private piiot) aphakic applicant who
meets designated visual criteria and is
otherwise healthy. However, firs{- (air
transport pilot) and secend-class {com-
mercial pilot} airman applicants who have
had cataract surgery are deferred issu-
ance of a certificate and their applica-
tions are submitted for further consideraticn
by the FAA. A waiver can be issued for such
applicanis {15), on a case-by-case basis,
after review of a complete ophthalmelcgical
evaluation.

Aviation accidenis associaced with de-
fective vision in civil airmen have been
the subiject of numerous studies by the
FAA {16, 17, 18, 19, 20, 21, 22, 23}. Two
of these studies by Dille and Booze ad-
dressed aphakia and artificial lens im-
plants (21,22). While one of the stiudies
found a statistically significant eleva-
tion in the accident rates for these pilois
in relation 1o that of the total airman
popuiation {(21), the other study reported
only that the accident rates for the aphakia
and artificial l=ns implant groups were
higher than the rate for the fotal airman
populztion (£22). Due to the small accident
population in rclation to the large overall
airman population, this later study did not
have enough power te test whetiher these
cifferences were stalistically signifi-
cant. The authors recommended that a
fonger term study be performed in the
hopes of determining whether accident
rates for pilets having these medical con-
ditions were significantly higher than
those of a normal piict popuisiion.

i
<
H

The Federal Air Surgeon's request for corn-
tinuing research on vision disorders related
to aging, surgical intervention or other ireat-
ment as they affect airman performance,
prompied the Vision Research Section, Civil
Aecromedical Institute, in coliaborzation with
the Acromedicai Cerlification Division. {o
perform a follow-up epiderniclogic study on
aphakia and I0L in ¢ivilian ajrmern and their
association with aviation accidents during
the study period 1382-85. The cbisctive of
this report is to present the results of cur
analysis of relative risk of accidenis for
pilots with and without the defined de-
fects {aphakia and IOL] for the study pe-
riod, 1982-85.

METHODS

1. A list was generated ideniifying civil
alrmen who were issued airman medi-
cal certificates between January 1.
iS80, and December 31, 1935, and
who carried one or boith of the FAA-
specific patholoegy codes 134
{aphakia) and 1860 (artificial lens im-
plant) in FAA computer files,

2. The medica! records of thess airmen
were reviewed and a Visioa Defect
Database, of known demographic and
medical data on these aphakic air-
men, was consimcied fom the medi-
ezl examinalion records and FAA
comptter files.

3. The Aviation Standards Natioral Field
Giddce, Operations Systems Branch
AVN-124). generated a iist from the
Accident/Incident Data Systems for
the period ©of January i. 1882, to
December 31, 1985, of all airmen who
were invelved in civil aviation air-
craft accidents {f.e., Accideni Data-
base].




4.

A Hst of known aphakic airmen in
3460} during the study period was pro-
vided in AVN-124. This lis{ was maiched
against the Accident/Incident Data Sys-
tems database for the time period of
January 1, 1982, to December 31, 1985,
which identified those aphakic airmen
involved in civii aviation aircraft acci-
dents{i.e., AphaXkic Accideni Database),
which mciuded fatal aceidents.

. The Aphakic Accideni Dziabase was

compared with the Vision Defect Data-
base to ensure all the identified aphakic
airmen with accidents were aphakic,
with or without an IQL, at the Hime of
their accident and active at ithe end of
the accident year. {Note: Active refers to
the current status of the airiman’s medi-
cal certificate, Airmmen are considered
active unt:! their certificate expires. FAA
acromedical certification guidelines con-
sider an airman to be active for a period
of 24 months after the month in which
the certificate is issued. A certificats
remains active even with the death of
the airman from aviation-related or
nonaviation-related causes.}

The aphakic accident reporis were re-
viewed {o determine the ascribed causal
role in the accldent, and the likeiithood
of vision or eye pathology being a facior.

The Data Services Division (ALC-300):
a} Stratified all active airmen in the Con-
solidaied Arman Irdormation Sysiem
{CAIS) database by efiective class of
medicsl ceriificate [Note: TAA aero-
medical regulations stipuiate that an
irman may be firsi- or sccond-class
medicaily certified and the time lapse
since examinegtion would reduce the
“effective stzfiis” {0 a lesser class.)
and age {< 50 or = 50 years; as
end cf each study year.

af the
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b} Siratifed all airmen with accidenis by
effective olass of medical certificate
and age as of the end of each study
year.

¢} Stratified ail aphakic airmen from

the Vision Defect Database Dy pa-
thology {aphakia and 10L}, by effec-
tive ciass of medical certificate
and age as of the end of each study
year.

8. Accident rates per 1.000 airmen were
calculated for three malor populations,
total airmen {aphakic and non-aphaikic),
aphakic airman {aphakia with and with-
outi IOL), and I0L airmen {aphakia with
iOL). These populations were then
stratified oy age and class. These rates
were calculated for each calendar year
and for the composite 4-yvear study
period. Significance was determined by
using the Chi-Sguare statistic (X3¢}, or
the ¥Fisher Exact 2-Tailed Test, when
appropriate.

RESULTS

There were 12,883 aviation agcridents that
ococusren duting the study pericd. When
these acciden!s were cross-referenced o
the CAIS database, 1.88¢ {14.7%) wers
deleted dus to non-readable information
in the pilot certificaie number fisid,
incorrect pilot ceriificate ¢r social
securily numbers, and changes in the
control data, for a icial of 14,992
ideniifiable azccidenis. When the airmen
involved in these ((.894 accidenis were
stratified by effective class of medical
certificaie held at the end of each vear of
the study, 1,832 {14.2%) airmen were
deieted for the following reasons: not
cetive at the time of the aceidenii ur at theend
of the vear; active at the time of the accident
buinoiatiheendof thevear; notactive at the
time of the zecident but active af the end of



TABLE 1. TOTAL ACTIVE AIRMEN BY AGE CROUP AND YEAR

i § CUMMULATIVE

; 3 FREQUENCIES
CATEGORY 1982 1983 1984 é 1985 1982-85

-—APHAK%A:
< AGE 50 465 488 516 | 516 1,685
= AGE 50 1,284 1,457 1,620 1,775 ,136
TOTAL 1,749 1,945 2,136 2,291 8,121
ioL: §
< AGE 50 E 106 135 173 217 537
> AGE 50 ssg | 735 995 1,206 g 3,545
TOTAL 664 920 1,175 1,423 ?L 4,182
TOTAL AIRMEN: |
< AGE 52 608,965 | 585,289 ir5?3,74a | 551,161 % 2,320,156
= AGE 50 159,382 | 162,016 | 155,554 : 165,315 652,268
TGTAL % 768,342 § 748,305 é 732,300 § 716,477 1 2,972,424
; ;

the vear: and doubiful determination of
effective class of medical certificate and age,
ieaving a fotal o 9,162 {71.1%] airmen with
aviation accidents.

Airmen from the Vision Defect Database
{n = 3480) were cross-referenced o the
CAIS database. A total of £3 zirmen were
deleted due to error messages in one of ihe
identificalion fields{e.g., social securitynum-
ber, pilot certification number, etc.j, leaving
a total of 3,417 known aphakiz and OL
airmen during {he study period.

i

Aphakic airmen with accidents during
the siudy pericd were cross-referenced io
the CTAIS database. Oneg airman was de-
ieizd from the study {zctive at the Hime of
accident, buf was noi aciive al the end of
thevear), lcavingatolalol £1 aphakicairmen
involved in gecidenis and active at the end of
ihe accident year.

The frequency of the {otal, and aphakia
and I0L airmen by age groups {< B0 and = 30}
and by year is presented in Table I. As
expected, in the gphaiia and IOL airman



TABLE Z. ACCIDINT FREQUENCIES BY ACGE GRUOLUIP AND YEAR

CATEGORY

|
|

AT s a s g

CUMMULATIVE
FREQUENTIES

1934 7985 1982-85

APHAK!

< ACE 30

= AGE 50

PSR IR

w
[43]

28

TOTAL g | 3 41

iOL:

< AGE 50 1 2 4 7

= AGE 50 3 3 4 7 17

TOTAL 6 11 24 :

TOTAL AIRMEN: :

< AGE 50 1,722 | 1,578 % 6,915

= AGE 50 603 ; 544 § 2.247 :

: ; ;

] i ] :
| TOTAL 2,325 ¢ 2,122 | 9,162

populations there are substan
men = 50 yvears of age. In ihe toial girman
populaiion. the larger copulation is those
airmen < 50 years of age.

iy more air-

A

The accident freguency of the total. and
aphgkia and 0L airmen by age groups and
by year is presenied in Table 2. In the
Kizand the IQL airman populaiions, the

Y

e ltlj 11
o
0




TABLE 2, ACCIDENT RAT

£S PER 1,000 AIRMEN BY

AGE GROUP AND YEAR

5'*

CATEGORY 1982

B A TR YR B ST YR iy

o T A R

CUMMULATIVE

PRETE A .

198

i

w—
W0
on
s

e

APHAKIA:

L
m
nead
W
[+3)

U IS

UV SR —

N

2>
O
ri
L
o
wn
(441
[#]]
(3]

TOTAL

e

Ry

[PRRTRRESTR. VRSP, JPp—

3.0 45 46
i
f
TOTAL 5.1 4.5 3.7 ; 6.5 5.0
i
M
S : 5
< ACGE 53 g.4 3.3 1.2 ¢ 184 11.¢
. ; i
4 3
= AGE 50 5.4 38 4.0 3.8 £ 4.8
;

i
s

e b i Lot ot

s

TOTAL AIRMEN:

: H
< AGE 50 11 30 30 | 28 3.6
: i
= AGE 50 3.4 ¢ 35 36 1 33 3.4
: ; ;
H ; : !
| TOTAL TN T T R B T % 30 ;
; : i H : E
Tize acciden: rale per 1.000 airmen of the in ihe total airman populaltion, the = 50
total, and a phg ia and IOL airmen by age  age group had a significantly {p < 0001}
groups and by year is presented in Teble 2 higher accident rate than the < 50 age
Aphakia and 1OL accid nt rates were signifi-  grous. However. similar comparison of ihe
cantly higher ip < 002 and 5 < 3031, respec- aphakia and 1ICL popuiations indicated ng
fively). in comparison 1@ that of the & > Gandp>.G79,
ncn-aphakic zirman popalations. It is im-  respec tes for the
poriani {o uoie that aithough aphekia and  IWC age caiggories.
10OL airmen have higher istal 2ccident rates

than the toial airman populaticn.

airmen {with or without I0L] were respon-
sible for oniy approximately 1.4 accidents
per 162.000 zirmenin theowel alrman oopu--

N



| FISHER
ODDS 253% CONFIDENCE CHISG 2-TANL
CATEGORY rRATIO INTERVAL {¥Yates) BVALLUE FEST
Total Aphakia 1.64 {119 <« OR <€ 2.26; 92.61 5.00193
Total iOL 1.87 11.22 < COR < 2.8%} 8.73 0.0035G3
< Age 50 Aphakic 221 {1.22 < OR < 3.89} 7.36 $.730669
< Age 50i0L 3.72 {NFAS NAA 0.003236
Note: Above populations are compared with like non-aphakic populstions.
= Age 50 Total Airman
Vs 1.16 0« CR<1.2%; 35.60 $.00000
< Age 50 Total Airman
= Age 50 Aphzakia
Vs o.70 {033 <R <142 0.82 3.36654
< Age 50 Aphakia
= Age 5010L
Vs 0.43 IN/A) N/A $.07950
< Age 30 0L
Although both the <30 and =5Cagegroupsin The statisticel test resulis are summarized

hoth the aphakiz and IOL populations had  in Table 4,

higher zccident rates than similar age cat-

egories in the total aisman population, enly the Upon review of the FAA accident reports of
< 30 gphaxic and IOL populations had signifi-  airmen with aphakia or IOL, neither the pres-
cantly {p < 007 and p < .004, respectively) ence of aphakia or IOL was ascribed a causal
higheraccidentrates than theircounterpartsin rele, nor was any asseciation tovision problems
the non-aphakic airman populaton. ascribed during any accident.




DISCUSSION

ur s Tmen have
sigmfzcami nigher accident rates/1.000
zirmen than the rates for ihe rzcn~aphakic
airman populaton. For the deflined defecis,
cur accident rates are igwer than those
reporied in Dille & Booze's 1878 and 1980-81
studies. However, direct comparison
he viewed with caution
used io determine accident za-tes for the
studies are different. Whiie we determined
aphakiaand IOL populations by direcireview
the zirman medical records, Dille and
Beoze determined their populatiens by
pathology codes medicaily assigned by the

;.

{

FAA, several of which were found {0 be
miscoded during cur review process. In

addition, we reviewed individual medical
records io ensure zli azirmen involved in

accidents hed aphakia or an IOL a1t the ¢
of the acciden and were active hoth
time of the accident an” ail the end of
calendar vear.
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Age is considered s nificant in ais
operaiions {e.g.. in the 8
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z._,.S the redirement

g mandaiory Lp"‘e age

there is D ge limiy Jor
general gviadon pilots. When analvzed by age

categories. owal civil airmen 2 30 years of age
tad significantiy higher accident raies thar
those airmen < 3l years o?‘age. Thiss
hr association of age with

dent risk thai has been previously chserved
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{5_6. 24, 25). Booze cm:,ﬁ that age-specific
accid it rales for plder aivmen increased
approximateiv four lmes that of younger
airmag {24} Others have reported TIEEr

zirmen then inat for ine sauna age calegories
el o N Eemminn .
in the toial cirnan popuiaiion. However. the
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50 vear
old
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peraiion of one or more air-

1o safeiy is imvolved, bui are net ciassazzed as
an accident due to degree of mjury and/er
extentofdamage (27]. mayv be abeiier perior-

urement. However, mzny Cases

are n repcrt ed snd other incidenis are not
a ﬁireci resuli of piloting an sircrafi.

is again
total air-
man population thex‘e were a;}%w@x_rna wely
3.1 accidents per 1,000 airmen during the
s$1aady period. The number of accidenis con-

‘ributed by elther aphakia or I0L airmen o
these accidenis was minimal {abeut 0.01
er 1,500 airmen). The small number of
lion accicents makes siatisiical evaiua-
con of association of stratified medical con-
itions to such events guesiionable. !
cordinaied airman healh information and
accident database system could greafly as-
sist in zay fulurs correlation studies of avia-
tion accidenis it¢ medical conditions by
redqucing the amount of lost data.
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Hurman error has been found io cause or
to over haif of 21 aviation accd

dgenis. Attempis to investigate human perior-
mance errcr, and vision pericrmance in
pariicular, in aircraft accidents face three
major obstacies: such v*:sron relpied acci-
dents arerares events and difficulits dcwm 73
post-accident database information is often
fragmentary or fauily: and petential liabilify
associated wilh an accident can 1“ nder ?:Z"e
invesiigatory process {28}, Weither aphakia
nor ICL was ascrived a causal role upo
pater
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izligns and were not direg i§ upporied by
the accicent investigation team reports. Jou-
tine afreraft accident investd ga;cm which
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agntine to be monitored.

No relaxation in the current aerpmedical
certificetion standards and review pro-

cess is recommended at thi

Fulure recommendations may consider
the relative flighi safely of atrmen with
muitiple medical impatrmenis.

. Although no measurement of informaticn

processing skiils, such as visual affention
or cognitve function which the piot pos-
sessed prior o the airera® accident, is
currently available, we have the capabiitty
tc measure two functional variables =ve
health and visual function) that conith-
ute to guailly of visual information
aveilabie to tire pilot. These two variatles.
influenced by physiclogic and environ-
meniai conditions, and the
thalmic devices, can be monitored and
opilmized tc improve visual eficlency and
aviation safely.
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! Improved raining and education of medi-
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CONCLUSIONS

Tre major indings of cur study include:

L) Civil airmen = 50 vears of age had signifi-
cznty higher accident raies
airmen < 50 wears of age.
Aphakia and IOL alrmen: had significantly

higher accident rates rthen non-aphakic
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